Introduction
Since their introduction, combined oral contraceptives (COCs) have been a popular choice of contraception among women of reproductive age. COCs are generally a combination of an estrogen and a progestin. Earlier, COCs containing ethinyl estradiol (EE) were not tolerated well, and efforts to improve tolerability through a dose reduction in EE resulted in increased risk of bleeding disturbances. 1, 2 Another attempt to address tolerability was made by replacing EE with 17β-estradiol; however, 17β-estradiol-containing COCs were associated with reports of bleeding irregularities, leading to treatment discontinuation. 3, 4 Tolerability is an important factor for a COC and newer COCs have been developed to overcome this challenge.
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Yu et al Qlaira ® (Bayer Healthcare Pharmaceuticals) is a unique, 4-phasic COC, containing a combination of estradiol valerate (EV), a natural estrogen that is metabolized to estradiol, and dienogest (DNG), a progestin that is also effective when used as monotherapy for endometriosis. [5] [6] [7] It has a dynamic dosing regimen where EV/DNG is administered using an estrogen step-down and a progestin step-up approach over 28-day cycles, comprising 26 days of active treatment followed by 2 hormone-free days. It is approved as an oral contraceptive in many countries around the world, including the USA, 8 Europe, 9 Canada, 10 Australia, 11 Singapore, 12 and a number of Latin American countries (such as Argentina, Chile, Colombia, Ecuador, and Peru). A randomized, multicenter, double-blind, double-dummy study reported that Caucasian women receiving EV/DNG showed fewer bleeding/spotting days, good cycle control, and contraceptive efficacy compared with EE/levonorgestrel treatment. 13 The present study aimed to assess the contraceptive efficacy and safety of EV/ DNG in healthy Asian women and determine the cycle control, bleeding pattern, and overall satisfaction with the use of EV/DNG in this population.
Methods
This multicenter, open-label, uncontrolled, Phase III study included women from different Asian countries between June 2012 and November 2014 (ClinicalTrial.gov identifier: NCT01638910). The study protocol was reviewed and approved by each study site's Independent Ethics Committee/ Institutional Review Board (see Supplementary material for the list of institutional review boards) before the start of the study, and the study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki and the International Conference on Harmonisation guideline E6: Good Clinical Practice. All women included in the study provided written informed consent.
The main study inclusion criteria were as follows: healthy women (aged 18-50 years) requesting contraception, including smokers (aged ,35 years at study entry), history of regular menstrual cycle without the use of hormonal contraceptives, and clinically insignificant cervical smear not requiring further follow-up. Women were excluded from the study if they were pregnant or lactating, had a body mass index .32 kg/m 2 , or a disease condition that could interfere with the conduct of the study or worsen with hormonal treatment.
Study design
Women received daily oral tablets of EV/DNG for 13 cycles, with the following dosing regimen per 28-day cycle: 2 days of 3.0 mg EV, 5 days of 2.0 mg EV+2.0 mg DNG, 17 days of 2.0 mg EV+3.0 mg DNG, and 2 days of 1.0 mg EV, followed by 2 days of placebo. The primary efficacy endpoint was the number of unintended pregnancies, as measured by the Pearl Index (PI) 14 and a life table analysis. Secondary efficacy endpoints included bleeding pattern and cycle control parameters. Global assessment of satisfaction with EV/DNG therapy was performed at the final visit using a questionnaire.
The PI was defined as the number of pregnancies while taking EV/DNG, including up to 2 days after the last dose, over 100 woman-years. The cumulative treatment failure rate was defined as the probability of getting pregnant when on EV/DNG treatment. Treatment compliance was defined as the total number of tablets taken by a woman divided by the woman's exposure days. Bleeding episodes were described using the reference period method recommended by the World Health Organization (reference periods [1] [2] [3] [4] , where the length of the reference periods was 90 days each and the first reference period started on the first day of study medication. 15 Intracyclic bleeding/spotting was defined as any unexpected bleeding episodes between menstrual cycles.
Safety was assessed by monitoring the adverse events (AEs), pregnancy tests, vital signs/body weight, general physical and gynecological examination, and clinical laboratory parameters during the study.
Statistical analysis
Statistical analysis was performed using the software package SAS release 9.2 or higher (SAS Institute Inc., Cary, NC, USA) and all variables were analyzed using descriptive statistical methods. The primary and secondary efficacy endpoints were analyzed using the full analysis set (FAS), which included all women in the study who took at least 1 tablet of study medication and for whom at least 1 observation after admission to treatment was available. Adjusted and unadjusted PI was calculated for the number of pregnancies and its 95% CIs were calculated. The cumulative EV/DNG failure rate and the corresponding 2-sided 95% CI were calculated using the Kaplan-Meier estimator, where the estimated day of conception was used for calculation of the Kaplan-Meier product limit estimator. The safety analysis set (SAF) consisted of all women who took at least 1 dose of the study medication. AEs were coded in accordance with the Medical Dictionary for Regulatory Activities (MedDRA 17.1).
Results
The study was conducted at 33 centers in China, Hong Kong, Thailand, India, and Taiwan, and enrolled 1,200 women, of 
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Combined EV/DNG in healthy Asian women whom 976 were assigned to study medication ( Figure 1) . A total of 954 women (97.7% of subjects assigned to study medication; mean age 33.4±5.9 years) were treated (Table 1) , and comprised the FAS and SAF.
Efficacy
Overall, EV/DNG demonstrated a high contraceptive efficacy. A total of 14 pregnancies were reported during the study, 5 of which were considered to have occurred during EV/DNG treatment; all 5 women discontinued treatment due to pregnancy. During the study, the unadjusted PI (based on 5 pregnancies and 796.34 relevant woman-years of exposure) was 0.63, and the adjusted PI (based on 3 pregnancies considered to be due to EV/DNG method failure and 760.35 relevant woman-years of exposure) was 0.39 ( Table 2 ). The cumulative treatment failure rate at the end of the study using the Kaplan-Meier estimate was 0.0049 and the failure rate for each study cycle was ,0.005 ( Figure 2 ).
Bleeding pattern showed improvement with EV/DNG treatment. During reference periods 2-4, fewer women experienced $1 bleeding/spotting days and $1 spotting day compared with reference period 1 (Table 3) . Similarly, the number, mean length, maximum length, and range of length of bleeding/spotting episodes and spotting only episodes also generally decreased during reference periods 2-4 compared with reference period 1 ( Table 3) .
Cycle control showed satisfactory stability in terms of both monthly withdrawal bleeding and intracyclic bleeding episodes. Withdrawal bleeding was seen in 84.9% of Table 4 ). At least 1 treatment-emergent serious AE (SAE) was reported in 13 women during the study (1.4%; Table 4 ). Study drug-related SAEs were reported in 4 women (0.4%); and included cholestatic hepatitis, cholecystitis, women in Cycle 1 and 79.3% of women in Cycle 13, and a decrease in mean length of withdrawal bleeding was observed (4.2±3.0 days vs 3.4±2.3 days). The maximum intensity of withdrawal bleeding episodes was light to normal (68.8% of women in Cycle 1 and 66.2% of women in Cycle 13) and the proportion of women who reported heavy bleeding was reduced with EV/DNG treatment (5.8% vs 2.9%, respectively).
Intracyclic bleeding/spotting occurred in 14.7% of women during Cycle 1 and 4.9% of women in Cycle 13 and the number of intracyclic bleeding/spotting episodes decreased from 0.1±0.3 to 0.0±0.2. Similarly, the maximum length of intracyclic bleeding/spotting episodes decreased from 1.1±3.6 days in Cycle 1 to 0.2±1.6 days in Cycle 13, and the number of intracyclic bleeding/spotting days also decreased from 1.1±3.7 days to 0.2±1.6 days. The maximum intensity for the majority of intracyclic bleeding episodes was spotting (6.1% of women in Cycle 1 and 1.9% of women 
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Combined EV/DNG in healthy Asian women unilateral deafness, and hypoesthesia (n=1; 0.1% each; Table 5 ). TEAEs leading to treatment discontinuation were reported in 67 women (7.0%) and included reproductive system and breast disorders (n=20; 2.1%), psychiatric disorders (n=10; 1.0%), nervous system disorders (n=8; 0.8%), and vaginal hemorrhage (n=5; 0.5%). Study drug-related TEAEs led to treatment discontinuation in 52 women (5.5%; Table S1 ). No deaths were reported during this study, and laboratory safety parameters and vital signs showed no safety concerns.
satisfaction with eV/Dng
Almost all women included in the study (92%) were very satisfied or somewhat satisfied with EV/DNG. Moreover, 44% of women thought their overall physical well-being was much better or somewhat better throughout the study, while 40.1% of women thought their overall emotional well-being was much better or somewhat better throughout the study. Overall, 55.5% of women would continue with the study contraceptive when given the choice.
Discussion
Most of the available mono-and multi-phasic COCs are formulated with EE; however, EE-containing COCs are often associated with poor tolerability.
13 EV/DNG, which has been available since 2010 in the USA and Europe, 8, 9 was developed to address the tolerability concerns of EE-containing COCs and provide alternative contraceptive options for women.
While contraceptive use in Asian countries is increasing, 16 COC treatment among Asian women is complicated by cultural differences in their attitude to contraceptive use. 17 In this multicenter, open-label, uncontrolled Phase III study in healthy Asian women, EV/DNG treatment was associated with good contraceptive efficacy. EV/DNG had low treatment failure rates and improved bleeding patterns, with the length of bleeding/spotting episodes, the bleeding intensity, and the proportion of women with heavy bleeding decreasing over the treatment period. Treatment also displayed good cycle control and reduced the number of intracyclic bleeding episodes. EV/DNG was well tolerated and no deaths were reported during the study. The incidence of treatment satisfaction was high and, when given a choice, more than half of the study population would continue with the use of EV/DNG for contraception.
The efficacy and tolerability of EV/DNG in healthy Asian women in the current study is comparable with that observed in previous studies of EV/DNG in Caucasian women. 13, 18, 19 A multicenter, randomized Phase III study conducted in Caucasian women reported that EV/DNG showed results comparable with a monophasic COC containing EE and levonorgestrel with regard to improving the bleeding pattern and cycle control, with fewer bleeding/ spotting episodes and less bleeding. 13 Another Phase III study reported good contraceptive efficacy and safety of EV/DNG, with lower discontinuation rates in Caucasian women. 20 Similarly, a multicenter study conducted in the USA and Canada reported effective contraception with EV/DNG in women aged 18-50 years. 19 EV/DNG was also reported to be associated with lower hormone withdrawal-associated symptoms. 18 In the present study, EV/DNG showed high contraceptive efficacy when used in Asian women aged 18-50 years over 13 cycles, as illustrated by the low pregnancy rate reported during the study. Furthermore, treatment also improved bleeding pattern and cycle control and reduced the number of bleeding and spotting episodes. Thus, EV/DNG Table 4 Teaes occurring in $1% of women, study drug-related TEAEs occurring in $0.5% of women and Te-saes reported during the study by primary system organ class and preferred term in the safety analysis set (n=954)
TEAEs, n (%)
Study drug-related TEAEs, n (%) may be effectively used as an oral contraceptive in this population.
TE-SAEs, n (%)
The safety outcomes of this study indicated that contraception with EV/DNG was well tolerated. Laboratory parameters and vital signs showed no safety concerns, and no deaths were reported during the study. Study drug-related TEAEs were similar to those reported in other studies with EV/DNG, 19, 21 and were reported in a limited number of the study population (16.2%). This minor proportion of drugrelated TEAEs over a relatively long EV/DNG treatment 
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Combined EV/DNG in healthy Asian women period during this study is suggestive of a good risk-benefit ratio that is comparable with that reported for other marketed oral contraceptives. [22] [23] [24] [25] The majority of women included in the study were very satisfied with EV/DNG treatment. More than 40% of women thought that EV/DNG improved their overall physical and emotional well-being, and more than half of the study population would continue with the study contraceptive when given the choice. These results are in line with previous reports on EV/DNG, which demonstrated improved quality of life and sexual function, [26] [27] [28] and similar treatment satisfaction with EV/DNG. 20, 29 The main limitation of the study was the absence of an active comparator group, which allowed only indirect comparison of the results with other similar clinical studies. Also, since the study population was carefully chosen based on specific selection criteria and closely monitored throughout the trial, treatment compliance reported in this study may not be an accurate reflection of the real-world clinical practice. In conclusion, EV/DNG showed high contraceptive efficacy in healthy Asian women. Over 13 cycles, EV/DNG was associated with good cycle control, stable bleeding pattern, and high levels of overall satisfaction. The treatment was well tolerated and may be an effective option for use as an oral contraceptive in this population. 
